Background: Uric acid has been reported to function both as an oxidant or antioxidant depending on the context. A previous study in the Korean population reported a positive linear association between serum uric acid level and arterial stiffness in men, but little is known about how serum uric acid level is related to the risk of increased arterial stiffness in Korean postmenopausal women. Methods: We performed a cross-sectional study of 293 subjects who participated in a health examination program run by the health promotion center of Gangnam Severance Hospital between October 2007 and July 2010. High brachial-ankle pulse wave velocity was defined as a brachial-ankle pulse wave velocity of more than 1,450 cm/s. The odds ratios (ORs) for high brachial-ankle pulse wave velocity were calculated using multivariate logistic regression analysis across uric acid quartiles after adjusting for other indicators of cardiovascular risk. Results: The 293 postmenopausal women were divided into quartiles according to uric acid level. The mean brachial-ankle pulse wave velocity values of each quartile were as follows: Q1, 1,474 cm/s; Q2, 1,375 cm/s; Q3, 1,422 cm/s; Q4, 1,528 cm/s. The second quartile was designated as the control group based on mean brachial-ankle pulse wave velocity value. Multivariate adjusted ORs (95% confidence intervals) for brachial-ankle pulse wave velocity across the uric acid quartiles were 2.642 (Q1, 1.095-6.3373), 1.00, 4.305 (Q3, 1.798-10.307), and 4.375 (Q4, 1.923-9.949), after adjusting for confounding variables. Conclusion: Serum uric acid level has a J-shaped association with arterial stiffness in Korean postmenopausal women.
INTRODUCTION
In human, uric acid is a by-product of purine metabolism, and can function as an oxidant or antioxidant. 1, [2] [3] [4] [5] [6] [7] A previous study reported a positive association between a high serum uric acid level in the normal range and increased arterial stiffness. 2) Furthermore, high serum uric acid level could be a risk factor for metabolic syndrome. 7, 8) Hakoda et al. 9) examined serum uric acid concentration as a risk factor for cardiovascular mortality, and found that a high serum uric acid level was associated with cardiovascular mortality. 7) However, it is not clear how serum uric acid increases oxidative stress or contributes to chronic diseases, such as metabolic and cardiovascular disease in men, and few studies have investigated the associations between low serum uric acid levels and arterial stiffness. 10) Arterial stiffness can be easily measured by examining the brachialankle pulse wave velocity (ba-PWV), which is a significant predictor of cardiovascular events and metabolic disease. [11] [12] [13] Recently, a simple automated device has become available for the measurement of ba-PWV using a volume-rendering method. 13) Menopause is known to be associated with increased risk for metabolic syndrome. [14] [15] [16] [17] [18] Besides marked changes in hormonal levels, menopause is characterized by many other changes that could be linked to metabolic syndrome and can influence oxidative stress. 16, 19) Although a previous Korean study showed that the serum uric acid level had a positive linear association with arterial stiffness in men, this relationship was not found in women. 2) Little is known about how serum uric acid levels are related to the risk of increased arterial stiffness in postmenopausal women. Therefore, we examined the association between serum uric acid levels and arterial stiffness in postmenopausal women.
METHODS

Study Design and Participants
This cross-sectional study was based on data obtained from the health Diabetes was defined as a self-reported history of the disorder or a fasting plasma glucose level ≥126 mg/dL. Hypertension was defined as a self-reported history of the disorder, systolic blood pressure ≥140 mm Hg, or diastolic blood pressure ≥90 mm Hg.
We designed two models to evaluate the adjusted odds ratio (OR).
Model 1 was calculated with an unadjusted OR, and model 2 was adjusted for age, BMI, smoking status, alcohol intake, regular exercise, history of hypertension, history of diabetes, total cholesterol, resting heart rate, and neutrophil-lymphocyte ratio, all of which are known as conventional risk factors. Previous studies, including the study by Park et al., 13, 20) showed that a higher resting heart rate and neutrophil-lymphocyte ratio were independently associated with arterial stiffness.
Based on these previous studies, we designed model 2 to contain known confounding factors.
Brachial-Ankle Pulse Wave Velocity Measurement
An automatic waveform analyzer was used to measure PWV. This in- were divided into two groups based on ba-PWV: a high group and a low group. A high ba-PWV was defined as a ba-PWV of more than 1,450 cm/s. 13) The ORs for high ba-PWV were calculated using multivariate logistic regression analysis after adjusting for confounding variables across uric acid quartiles. All analyses were conducted using IBM SPSS statistical software ver. 22.0 (IBM Corp., Armonk, NY, USA).
All statistical tests were two-sided, and statistical significance was assumed when P<0.05.
RESULTS
In this study, 293 postmenopausal women were divided into quartiles according to their uric acid levels. Characteristics of the study population are shown in Table 1 . BMI, systolic blood pressure, diastolic blood pressure, fasting plasma glucose level, triglyceride level, resting heart rate, and the WBC count, were highest in the fourth quartile. In the second serum uric acid quartile, the ba-PWV was the lowest (Q1, 1,474 cm/s; Q2, 1,375 cm/s; Q3, 1,422 cm/s, Q4, 1,528 cm/s). We designated Q2 as the control group based on ba-PWV level.
In multiple logistic regression model 1, the corresponding ORs (95% 
DISCUSSION
In this cross-sectional study, we found that serum uric acid level quartiles had a J-shaped association with arterial stiffness in Korean postmenopausal women. Q2 (uric acid level, 3.9-4.4) had the lowest OR value for high ba-PWV across the uric acid quartiles, while the risk of arterial stiffness was greatest in Q4 (uric acid level ≥5.0). Interestingly, although the first quartile had a lower serum uric acid level than the second quartile, Q1 (uric acid level ≤3.8) had a higher risk for ba-PWV than did Q2 (uric acid level, 3.9-4.4). These results were similar after 22) reported that low serum uric acid levels were associated with the loss of renal function. Based on this study, low serum uric acid levels could therefore increase systemic vascular inflammation. [22] [23] [24] Menopause may be another reason for the observed findings, because menopause causes hormonal changes and is associated with metabolic disease and increased insulin resistance. 14, 15, 17, 19, 25) For example, estrogen is known to decrease inflammatory markers, and estrogen secretion changes during menopause. women were enrolled in the study, while less men were enrolled. Second, postmenopausal women, which may have a reduced antioxidant capacity, were included in this study and could have accounted for this difference between sexes. However, in this study, we included an abnormal range in serum uric acid level in our analysis. In doing so, we found that serum uric acid level had a J-shaped association with arterial stiffness in postmenopausal women.
We used a cut-off value of ba-PWV of 1,450 cm/s, because Park et al., 13) who had examined the association between resting heart rate and arterial stiffness in a previous study, showed that a ba-PWV value greater than 1,450 cm/s was a powerful predictor of cardiovascular disease.
This study had some limitations. First, it was a cross-sectional study, and the study population was recruited at only one center. Second, we cannot exclude the possibility that subjects were taking diuretics or allopurinol, both of which can strongly influence serum uric acid levels.
Third, we did not examine and compare serum uric acid levels in Korean men and premenopausal women. Finally, we did not determine the mechanism underlying the interaction between uric acid and ba-PWV.
This is the first study to report an association between serum uric acid levels and ba-PWV in postmenopausal women in Korea. In the near future, additional studies should examine the effects of increasing serum uric acid levels in postmenopausal women.
In conclusion, in this cross-sectional study, we found that the serum uric acid level has a J-shaped association with arterial stiffness in postmenopausal women.
